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Project Overview
Cooperative Agreement No.:  DE-FE0031732
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o Award Period:  05/01/2019 through 12/30/2022

o Project Funding  

ï Total Funding: $5,121,897.00

ï Federal Funding: $3,890,195.00

ï Cost Share Funding: $1,231,702.00

o Project Participants

ï Prime: Electricore, Inc.

ï Technology, Design and Operation / Cost Share Provider: Svante, Inc.

ï Techno-Economic Analysis (TEA): Susteon

o DOE-NETL Team 

ï Project Manager: Carl P. Laird & Andrew Jones

ï Contracting Officer: Jacqulyn M. Wilson 



Overall Project Objectives
Cooperative Agreement No.:  DE-FE0031732

The objective of this project is to:

ü Evaluate Svanteõs (Mark-II) VeloxoThermÊTechnology via the development and bench-scale testing 
of an advanced structured adsorbent, including novel Bi-layer, laminated adsorbent structures and 
segmented beds. 

ü Select, synthesize, and characterize tailored solid adsorbents for 

ü computational modeling, 

ü advanced structured adsorbent development, 

ü process simulations, and 

ü dynamic bench-scale (~1-10 kg/day CO2 captured) testing

ü Demonstrate key performance indicators (KPIs), such as recovery, product purity, regeneration 
energy, and the integrated system's productivity in lifetime analysis.
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Technology Background

Fundamental performance enablers: 

üLow flow resistance of parallel channel structure. 

üLow heat capacity relative to adsorption capacity.

üVery fast kinetics with contact time < 1s, 30-60s total cycle time

üTransient conditions throughout the bed length (RH, temperature) 

üAvailability of different sorbents

Significant challenges: 

üSorbent lifetime needs to be multiple years (5+ yrs., < 0.01 kg sorbent/tone CO2 capture)

üCost of sorbent needs to be modest (20-30 $/kg)

üRegeneration energy of the process (mainly steam) needs to be minimized. 
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Program Phases

Exploring two configurations of laminates :

üPhase 1- Parallel layers => Bilayer

üPhase 2- Sequential layers => Segmented bed 

CO2

N2

Industrial Source
(Post-combustion)

Heat 

(steam)

CO2 + N2

Phase 1- Bilayer Structure

05/01/2019 - 07/31/2021

Phase 2- Segmented Bed Structure

08/01/2021 ð12/30/2022 

Ç Absorbent B can use the heat generated by 

Absorbent A é Reduce steam

Ç Absorbent B doesnõt need to be steam 

resistanté better O2 resistance. 

Ç Segmented bed concept matches the best 

sorbent to the position of the bed (based on 

RH and Temperature profile)
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Application Domain of Svanteõs Adsorbent

Svanteõs Sorbents (Amines vs Metal 

Organic Framework) 

VHigh volumetric &  gravimetric 

capacity [All];

V100% water & steam stability to 

perform direct heating/cooling [All];

Vhigher resistance to 02 (up to 2000C) 

and contaminants (SOxand NOx) 

[MOF];

ÇHigher capacity at flue gas lower CO2 

concentration [Amines];

ÇHigher CO2/N2 selectivity [Amines].

S4

CALF20Amine-based sorbent 

application range

Lower Oxidation Stability

Amine-based Laminate

MOF Laminate

MOF sorbent 

application range

Higher Oxidation Stability

Industrial ApplicationsDirect Air 

Capture

R&D

Gas

Turbine
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Phase 1 / Bilayer Project - (05/01/2019 - 07/31/2021)

Phase 1 / Bilayer Project Achievements

üSelect, synthesize, and characterize tailored solid adsorbents for building Advanced structures 

development

üScale up at tonnes scale of an amine base water and steam stable adsorbent and confirmed infield 

stability at FOAK 400 series

üScale up at tonnes scale of an ultra-stable MOF material (BASF)

üConfirming the synergy between two sorbents, decreasing the demand on regen energy (steam) by ~36% 

Phase 1 / Bilayer Project Challenges

üBed assembly to combine the three layers is a challenge and could significantly increase bed cost

üAdding much higher complexity to the Rotary Adsorption Machine and balance of plant      

ü It was not possible to achieve the target productivity (10-15 TPD/m3) with the available materials and 

design 

ü Techno-economic advantage of the bi-layered structure is still a challenge [higher complexity].
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Confirming Stability of Amines based 

Sorbent (Field Testing) 
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PPCU in Lloydminster, SK (Cenovus) - S4+ Test 

KPIs
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30 TPD PPCU On-Stream Factor - S4+ Testing

On-Stream Factor Excluding Cenovus Downtime

On-Stream Factor Also Excluding Start-Up Time

Absolute On-Stream Factor

VThe FOAK 400 Series pilot plant in Saskatchewan has now 

achieved >9,000 process hours over 3 generations of SAB 

filter design

VCurrent test is on S4+, amine-impregnated silica fully stable to 

water and steam, beds and has achieved >4,500 hours on 

test with strong stability performance KPIs

VOn-stream factor >80% (excluding plant shutdown and start-

up time
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Scale-up of CALF-20 MOF 

More than 7 tonnes of MOF manufactured so far at BASF 
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Phase 2 / Segmented Bed - New Advances Structure Adsorbent Idea

ÂAmines => High capacity @ high RH, lower oxidation resistance  

at low RH and low CO2

ÂMOF=> High O2 stability, Low Capacity @ high RH

üDesign a serial bed design using a multi-sorbent capable of achieving higher productivity 

and compatible with current RAM design, BoPand bed assembly at a larger scale

üTake advantage of the Rapid Cycling VeloxoThermTechnology with non-equilibrium 

conditions (RH, temperature) throughout the bed

üUse the appropriate sorbent at the right position
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Some Experimental Observation of Non-Uniformed Degradation

S-Series Sorbent after PDU testing

Top of the bed: 

ü Low average RH (detrimental for Amine-based sorbent)

ü Decrease bed lifetime

ü The best chemical environment for CALF-20 to perform 

(high temp, low RH)

Highly Oxidized Region

Feed End
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